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1. Introduction Leovy and Mintz (1969) However, the Martian surface is know to exhibit major elevation differences (Sagan et al., 1967; Sagan and Pollack, 1968; Pettengill et al., 1973; Downs et al., 1973; Conrath et al., 1973; Kliore et al., 1973; Hord et al., 1974) . Over continental dimensions, elevation differences comparablc to a scale height occur on Mars;
and over scales of a few hundred kms elevation differences of 2 or I 3 scale heights exist. Under these conditions, winds produced by relief seem able in restricted locales on Mars to increase the mean I winds by factors of two to three over the mean wind velocitii expected in the absence of relief (0ierasch and -2-Wind velocities at half surface pressure level in excess of 80 m/s were therefore predicted at certain seasons and locales, and a range of observational consequences of such high winds predicted . Time-variable streaks and splotches on the Martian surface have been interpreted in terms of windblown dust produced by such high winds ( Sagan, et al., 1972; Veverka et al., 1974) .
The work reported in the present paper is a simple numerical experiment on the general circulation of the Martian atmosphere with topography included. The analysis is restricted to the Southern hemisphere only. The assumed topography is shown in Figure 1 , and is based upon Mariner 9 UVS, IRIS and S-Band occultation experiments. Near the South Pole the assumed elevations reflect some Mariner 9 television stereoscopic results as well (Blasius, 1974) . Since some inconsistencies in the results of the various Mariner 9 and groundbased radar topographies still exist, the Southern hemisphere Martian topography adopted in these calculations may not correspond precisely to the true circumstances. Nevertheless, the general reliefseems to be sufficiently well-established that the influence of topography on atmospheric circulation can be tested.
Structure and Equations
The physics of this two-level model is based upon the assumption of a hydrostatic, adiabatic, quasi-geostrophic, ideal gas atmosphere entirely composed of carbon dioxide. Radiative transfer between the atmosphere, space and ground is included in the model, as is surface friction. No provision is made for the latent heat of phase change of atmospheric constitutents or for albedo differences over the Martian surface.
The model's vertical structure, shown in Table 1 , is one in which the geopotential heights of two pressure surfaces, at 2 and 4 mb, are predicted, while at the 3mb level the vertical velocity w 3mb is diagnosed. At the 6mb surface an orographic vertical velocity w 6mb is computed using the surface topographic gradient and the 4mb surface horizontal velocity. Finally, at the upper surface the vertical velocity is assumed to be zero.
The set of four predictive and diagnostic equations used in this model can be derived using the hydrostatic, adiabatic, quasi-geostrophic and ideal gas approximations (see, e.g., Haltiner, 1971; Thompson, 1961) . On the lower 4mb surface the equation for geopotential change is similar but has additional terms including friction and the surface orographic vertical velocity, w6mb'
Here g is the gravitational acceleration = 372 cm s -2 and F and F are the y and x frictional components at the surface. 
where Uhe friction velocity U* is
tis is the hori"•.^ntal wind at the surface (6mb), which is derived from a linear extrapolation of the winds at the 2 and 4mb levels, and C m 2 is the momentum drag coefficient. Assuming a stable stratification, it has the value 0.9 x 10 -3 (cf. Leovy and Mintz, 1069) . p is the atmospheric density at the surface.
This lower boundary friction is the principal means of dissipation of thermal energy.
The vertical velocity of the 3mb surface is diagnosed and the radiative effects are introduced into the model by means of the omega equation:
-V 2 RQ a 0. gpcp I a is the static stability = (gp8) -1 (30/8p); 6 is the potential temperature = T(p o/p ) K , where K = Cp/R; po /p = (6mb/3mb) = 2; R is the gas constant and C p is the specific heat of CO 2 at constant pressure.
A value of -4 .14324 x 10 -3 m7 erg 2 was employed for a, 0.188
x 10 7 ergs gm-1 for R and 0 . 874 x 10 7 ergs gm 1 (°K ) -1 for Cp.
Q. the heating or cooling rate is written as a simplified version of the radiative term found in Blumsack, G ierasch and Wessel's (1973) model of the Martian atmospheric structure:
The solar heating is found from the relation q = 0.216 x 10 6 (450+ 65.30 °K cm 2sec -1, where arccos ^ is the solar zenith angle.
The planetary term q is 
Ph is the gradient of the topography and V4mb is the horizontal velocity on the 4mb surface.
Finally, in order to diagnose the mid -atmospheric temperature throughout the simulation the thickness equation was used, i.e.,
T^ AZ R In 2
where T is the average temperature between the 2mb and 4mb surfaces and Az is the altitude difference between the two surfaces. For stability a time step of 30 minutes and an Arakawa Jacobean was used. Dealing with the boundaries proved more difficult but excellent results were realized by using cyclic boundaries in which surface features could pass off one edge to reappear on another. This was effected by first splitting both the outside rows of the active simulation area and those rDws adjacent and exterior to them (see Figure 2 ). Then the following procedure was adopted for each of the four sides:
each outside half row (not in the active simulation area)
takes on the values of the diagonally opposite half row located in the active simulation row adjacent to it. Thus in Figure 2 point A takes on the parameter value of H, point C takes on the value at D, point E takes on the value of F, point M takes on the value at N, and so on through that side and the other three sides. To avoid boundary errors, all results Because of the topography truncation and the albedo assumption, the mean winds derived are probably lower limits on their actual values.
Results
The principal topographic features of Figure In Figure 4 are exhibited numerical results on the development of Martian weather systems in winter at the 4mb level.
Geopotential heights are given for seven steps in the development of the system, from 0.5 days to 7.5 days, at which time the convergence of the calculations is evident. Weather systems whose positions appear to be connected to topography in Figure 4g include the high near Noachis, and the extension of the 3.6 km geopotential surface into Hellas. The weather system is also characterized by a stable polar low. The corresponding 7.5 day result for summer is shown in Figure 5a , where the high and both lows appear to have no direct connection with the topography. The is not perpetually dust-covered is that the horizontal winds are only infrequently high enough to produce saltation and suspension.
These calculations suggest that major and minor dust storms both should be a common occurrence on Mars, a conclusion in apparent accord with recent observational experience.
Locales of preferred downward velocity are also of some interest. For example, in all seasons eastern Argyre appears to be a source of suspendible dust, and western Argyre a sink.
There may of course be interior circulation of dust within the Argyre basin . The polar depression appears to be a source of suspendible dust in spring, and a sink in -18-summer and winter. The entire south circumpolar zone appears -to be a dust sink in winter (Figure l0a ), a fact which may be related to the probably depositional polar laminae (Murray et al., 1973) • The contours are geopotential heights in kms. Development of systems is shown for elapsed times between 0.5 days (4a) and 7.5 days (4g). Highs and lows are indicated.
ire 5: Weather systems at the 4mb level for summer solstice after 7.5 days (5a) and for spring equinox after 8.5 c (5b).
-25- Figure 6 : Weather systems at the 2mb level for winter solstice after 7.5 days ('6a), for spring equinox after 8.5 days (6b), and for summer solstice after 7.5 days (6c). 
